Discussion
On Cranial morphology has pervaded the discussion of human races for over a century. Nowadays, scholars can be divided into those who utilize craniometric variation as a way to explore evolutionary relationships among human groups (see Howells 1973 Howells , 1989 , for the most inclusive studies on human cranial variation) and those who argue that skull morphology is inappropriate for recovering human evolutionary history because of its alleged plasticity. Recent studies have demonstrated that cranial morphology has a strong genetic background and that it behaves as a neutral evolutionary entity (Relethford 2004; Roseman 2004 ). This is not to say that the human skull presents no environmental plasticity or adaptive meaning, but its plasticity seems to be limited to specific anatomical regions. (González-José et al. 2005 ). Williams, Belcher, and Armelagos have argued, however, on the basis of the misclassification of a high percentage of ancient skulls into modern reference samples, that "the possibility that skeletal material could be accurately sorted by geographic origin, at any other level than geographic extremes, is quite small" (p. 345). Accordingly, they conclude that cranial form is largely determined by immediate environmental conditions.
We suggest that the design of their experiment is flawed. To test the hypothesis that ancient Nubians were closely related to ancient Egyptians, they used Fordisc 2.0, a forensic software that classifies individuals into reference samples. Their test was based on 12 variables that "have been shown to have diagnostic value" (p. 342), but 12 variables are far from enough to classify a skull on the basis of discriminant functions.
To demonstrate this, we used 18 Howells (1973) populations, three from each geographical region, to classify individuals into their original populations. Individuals from six populations (table 1) , from each region, were classified into the closest of Permission to reprint items in this section may be obtained only from their authors. the 18 reference ones. The population to which the individuals belong was included as a classificatory option. Four different sets of craniometric dimensions were used: the total set of 57 variables present in the Howells database, the 11 variables that most resembled Williams et al.'s 12 variables (9 identical and 2 similar; one of their variables, nasion to nasospinale, is not part of the Howells protocol), 22 variables of the face, and 21 variables of neurocranium. Facial and neurocranial variables were selected to test whether different anatomical regions produced different rates of correct classification.
The classificatory results (males, females, and sexes pooled) can be seen in table 1. A skull was considered as correctly classified only when it was associated with its original population. It is clear that the number of variables selected strongly affected the discriminatory capacity of the analysis. There was more than a 30% difference between the classifications based on 57 variables and the ones based on 11. In the first case the mean correct classifications were always higher than 90%. Also, there were no visible differences between the percentages obtained when facial or neurocranial variables were used. This indicates that it is the number of variables used rather than the anatomical region measured that determines the discriminant capability of cranial morphology.
Thus, the results obtained by Williams et al. can be explained by the small number of variables they used and not the fact that the human cranium is "developmentally very sensitive to the conditions of growth" (p. 344).
In a research article in preparation, we will present a more detailed discussion of the discriminatory power of morphological classifications. Our aim in this comment is only to show how misleading a morphological study based on a small number of variables can be. Finally, to assume that human morphology is strongly influenced by the genetic background of an individual does not mean that our species should be separated into distinct races. Most of our craniometric variance is unquestionably found within local populations, although the small amount of among-populations variance can be very informative about our evolutionary history.
Reply
We appreciate Hubbe and Neves's comment on our analysis of Nubian crania in Fordisc 2.0, a program that uses discriminant functions based on a sample of cranial traits from known "populations" to attribute biological affinity to unknowns. We tested the efficacy of Fordisc 2.0 using a sample of 42 Meroitic Nubian crania. Fordisc 2.0 failed to cluster the Nubians into a single group and did not consistently attribute them to their nearest neighbor (ancient Egyptians) or other African populations. The use of Nubians was heuristic given the geographical and historical nature of the people represented by these remains. Our analysis of Fordisc 2.0 was chal- lenged by Freid and colleagues (2005) , who claimed that we failed to apply the methodology correctly and that since Nubians were not part of the reference population we should not have expected successful classification. Naar, Hilgenberg, and Armelagos (2006) responded by demonstrating that Fordisc 2.0 was problematic in the assessment of one of the reference populations (Egyptian). Of 111 Egyptians, only 55 (49.5%) were correctly identified using a typicality of greater than 0.1 and a posterior probability greater than 0.5 as recommended by Freid and coworkers. Sixteen (14.4%) were classified as Egyptian but did not meet the statistical test with respect to typicality and posterior probabilities and were therefore unclassifiable. Fourteen were classified as other than Egyptian with significant probability and typicality statistics. Twenty-six (23.4%) were misidentified but without a significant result. Hubbe and Neves suggest that our analysis is flawed because we used only 12 variables. They suggest that using a larger number of variables would have allowed us to attribute craniofacial affinity. First we would like to note that the tutorial presented in the Fordisc 2.0 manual illustrates that an example using 12 variables correctly assesses population affinity (Ousley and Jantz 1996, 13). There is no stipulated number of variables to be used in Fordisc 2.0 simply because forensic evidence is often fragmentary. When remains are only partially preserved, the number of variables available is often far from ideal. The same could be said for the ancient Nubian remains.
It may seem obvious that a greater number of variables and thus more information provide a better diagnostic tool. However, this may not always be the case. In fact, additional variables that are collinear or that are not diagnostic may reduce the efficacy of classification. Moreover, the inclusion or omission of variables affects the relative importance of all other variables (Kachigan 1991) . A greater number of variables will not universally contribute to a better classification in discriminant-function analysis.
Using a t-test, we examined Hubbe and Neves's percentage of correct classifications with different variable sets. There is no statistical difference between the percentage of correct classifications using 11 of our 12 variables and the 22 facial variables examined by Hubbe and Neves ( ). However, p p 0.105 there is a statistical difference between 11 of the 12 variables we used and the 21 cranial variables they examined (p p ). This finding directly contradicts their "visual" in-0.012 spection of classification percentages and suggests that facial and cranial variables are not equal in classifying Howells's populations. Furthermore, our t-tests suggest that the number of variables used is not directly related to classification, since there was no statistical difference in percentage of correct classification using 11 or 22 variables.
In any event, the classification experiment by Hubbe and Neves is not comparable to our heuristic treatment of Meroitic Nubian crania in Fordisc 2.0. First, Hubbe and Neves use discriminant-function analysis whereas we specifically ex-amined the effectiveness of Fordisc 2.0 to classify unknowns. Fordisc 2.0 provides typicality and posterior probabilities that are used to assess the certainty of an unknown's population attribution. The typicality statistic is constructed by pooling the variance-covariance matrix to determine whether an individual is an atypical representative of a population (as determined from its Mahalanobis distance from the mean vector scores of the populations with which it is compared), whereas posterior probabilities evaluate competing group memberships; ordinary discriminant functions lack these statistical tools (Ousley and Jantz 1996) . Second, Hubbe and Neves used Howells's populations as both test and control. A more robust critique of our work would have involved using Fordisc to attribute affinities to individuals not specifically included in the program's control groups, in other words, an independent sample (e.g., Naar, Hilgenberg, and Armelagos 2006) .
Hubbe and Neves attempt to polarize biological anthropologists into one group (theirs) that sees population affinity as the most important signal and another (presumably ours) that views population affinity as largely inconsequential. We find this to be a false dichotomy that does nothing to promote further understanding of how both biological affinity and the conditions of growth affect individual craniofacial form. We never said that the cranium is primarily subject to environmental perturbations; we merely object to the denial of environmental influences by those who purport to diagnose unknowns with respect to control populations. Nutrition, disease, and ecology are well documented to influence patterns of growth and development across human groups (Boas 1912; Whiting 1958; Baker 1969; Frisancho 1970; Eveleth and Tanner 1990; Armelagos and Van Gerven 2003) . Although one of the architects of Fordisc 2.0 argues, despite overwhelming evidence to the contrary including studies of immigrants and their descendents (Boas 1912; Shapiro 1939; Bogin 1988; Gravlee, Bernard, and Leonard 2003) , that cranial form is largely invariant across human history (Sparks and Jantz 2002) , no one has yet shown that the conditions of growth do not affect head (and body) shape and size. These issues have been dealt with by others using Nubian populations that lived along the Nile for the last 10,000 years (Carlson 1976; Carlson and Van Gerven 1977, 1979; Van Gerven, Armelagos, and Rohr 1976; Van Gerven 1982; Goodman, Armelagos, and Van Gerven 1986; Calcagno 1986) .
If all that Hubbe and Neves wish to argue is that much of human variation is expressed locally and that "there are no human races," then we are in full agreement. However, they inadvertently reiterate the essentialism of the race concept by suggesting that a greater number of variables is all that is needed to classify individuals.
What our results were intended to show is that Fordisc is a poor predictor of population affinity using either the Howells data set or the Forensic Data Base because the heterogeneity of a single population is not captured by the analysis of craniofacial traits that the program employs. We also maintain that the program is conceptually flawed because human variation does not produce static discrete groups but is an evolutionary phenomenon that is roughly distributed along geographical gradients with a predominant signal of greater heterogeneity within rather than between groups (Lewontin 1972; Relethford 1994 : Marks 1995 . The populations and races within Fordisc 2.0 differ from real biological units such as species because human groups are not constrained by prezygotic or postzygotic boundaries. The complexities of human biological history, including those exhibited by ancient Nubians, will never be adequately resolved using present-day artificial groupings of individuals that, at best, only weakly capture the diversity present within the linguistic, national, or racial entities they supposedly represent. And finally, the objective of Fordisc 2.0 is not only to identify unknowns; by using the program (which often yields incorrect classifications) practitioners may be inadvertently reinforcing contemporary epistemologies that greatly misinterpret human biological diversity.
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